The furan-2-ylidene acetates (3a-d), obtained from the furan-2,3-diones (1a-b) and methyl/ethyl (triphenylphosphoranylidene)-acetates (2a-b), were converted via the Michael type reactions with 2,3-diaminopyridine and its derivatives (4a-c) into the corresponding pyrrol-2-ylidene-acetates (5a-j) in moderate yields (45-94%). Structures of these compounds were determined by the IR, NMR, elemental analysis, and X-ray diffraction method.
Introduction
Pyrrole is one of the most important heterocyclic compounds, having become increasingly important in medicinal chemistry and organic synthesis.
1,2 Pyrrole and its derivatives have shown to possess biological activities such as antibacterial, 3 antitumor, 4 analgesics, 5 antitubercular, 6, 7 antiinflammatory, and antiallergic. 8 There are various methods to prepare the synthetic and non-synthetic pyrrole derivatives. [9] [10] [11] Recently, a convenient method for pyrrole synthesis, the mechanism of reactions on the interaction of some 2,3-dihydro-furan-3-ones with various nucleophiles, as several primary amines, hydrazines, α/β amino acids, esters and amides, have been reported by our laboratory working group.
12-14
In this last study, we attempted both to prove reproducibility of the reaction of furan-3-ones (3a-d) with 2,3-diaminopyridine and its derivatives (4a-c) and to extend our investigations related to preparing new series of substituted pyrroles (5a-j). These compounds seem to be suitable candidates for further chemical modification and may show pharmacologically active.
Experimental
Melting points were determined on an Electrothermal 9200 apparatus and are uncorrected. Elemental analysis (C, H, N) were carried out using LECO-932 CHNS-O analyzer. IR spectra were recorded on a Perkin Elmer Spectrum 400 FT-IR Spectrometer by using KBr method.
1 H (300 MHz) and 13 C (75 MHz) NMR were obtained Bruker Ultrashield spectrometer using Si(CH 3 ) 4 as the reference. All reagents and solvents were of reagent grade quality and were obtained from commercial suppliers. All solvents were dried by refluxing with appropriate drying agents and distilled before use. All experiments were followed by tlc using DC Alufolien Kieselgel 60 F 254 Merck and Camag TLC lamb (254/366 nm).
General Procedures for Furan-3-one Derivatives (3a-
were prepared according to the published method.
12,13
Compounds (3c-d) were synthesized as the following procedure: 1.0 mmol 4-ethoxycarbonyl-5-methoxyphenyl-2,3-dihydro-2,3-furandione 15 (1b) and methyl/ethyl (triphenylphosphoranylidene)-acetates (2a-b) were refluxed in benzene for 3 hours. The solvent was evaporated under reduced pressure to give an oily residue which was triturated with anhydrous ether and finally recrystallized from indicated solvents or mixture for each compound: 3c: i-propanol, 3d: General Procedures for Pyrrol-3-one Derivatives (5a-j). 1.0 mmol furan-3-ones (3a-d) and 2,3-diaminopyridine and its derivatives (4a-c) were refluxed in methanol for 3 hours. After the solvent was removed by evaporation to give an oily residue which was triturated with anhydrous ether and finally recrystallized from indicated solvent or solvent mixtures for each compound: 5a, 5b and 5d: benzen-petrol ether; 5c: ethyl acetate; 5e and 5f: aceton-petrol ether; 5g, 5h, 5i and 5j: i-propanol.
Methyl Methyl Ethyl Ethyl X-Ray Crystallography. For the crystal structure determination, the single-crystal of compound 5c was used for data collection on a four-circle Rigaku R-AXIS RAPID-S diffractometer (equipped with a two-dimensional area IP detector). The graphite-monochromatized Mo K α radiation (λ = 0.71073 Å) and oscillation scans technique with Δω = 5 o for one image were used for data collection. The lattice parameters were determined by the least-squares method on the basis of all reflections with
). Integration of the intensities, correction for Lorentz and polarization effects and cell refinement were performed using Crystal Clear (Rigaku/MSC Inc., 2005) software. 16 The structures were solved by direct methods using SHELXS-97 17 and refined by a full-matrix least-squares procedure using the program SHELXL-97.
17 H atoms were positioned geometrically and refined using a riding model. The final difference Fourier maps showed no peaks of chemical significance.
Crystal Data for 5c:
, which consists of two enantiomers, is a racemic mixture of 2,3-dihydro-1H-pyrrol-3-ones. Crystal system, space group: triclinic, P-1; (no: 2); unit cell dimensions: a = 9.6257 (5) Crystallographic data were deposit with CSD under CCDC registration number 834923.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre (CCDC) via www.ccdc.cam.ac.uk/data_request/cif.
Results and Discussion
In a first step of this study, the Wittig reactions were carried out by 4-ethoxycarbonyl-5-methoxy phenyl-2,3-dihydro-2,3-furandione (1b) with methyl/ethyl (triphenylphosphoranylidene)-acetates (2a-b) in refluxing benzene to give (3c-d) as shown in Scheme 1. In the next step of the study, the reactions of 2,3-dihydrofuran-3-ones (3a-d) with 2,3-diaminopyridine and its derivatives (4a-c) were performed in refluxing methanol at 1-4 h. A number of pyrrole derivatives (5a-j) were obtained in moderate yields (45-94%) from the reaction of (3a-d) and the corresponding (4a-c).
In recent years, few Wittig reactions with some furan-2,3-diones have been reported, and the reactions of some 2,3-dihydrofuran-3-ones with non-heterocyclic diamines have been reported by our working group. [12] [13] [14] However, the reactions of 2,3-dihydrofuran-3-ones with heterocyclic diamines as 2,3-diaminopyridine have not been reported so far.
A reasonable proposal different from that discussed 2,3-diaminopyridine and its derivatives (4a-c) for reaction pathway from 2,3-dihydrofuran-3-ones (3a-d) to pyrrol derivatives (5a-j) is outlined briefly in Scheme 2. It is assumed that the amino group of 2,3-diaminopyridine attacks the C-5 position of the furan-3-one cycle leading to ring opening similar to a Michael type addition. Then, the intermediate formed the ring closure through nucleophilic addition of the N-H to the carbonyl (C=O) lead to the products (5a-j) as shown in Scheme 2. Synthesis of pyrrole systems via Michael type addition of several primary amines, hydrazines, α/β amino acids, esters and amides are well established.
12-14 The elucidation of the structures of (5a-j) was deduced mainly from elemental analysis and X-ray diffraction (in addition to, for compound 5c), IR, The ORTEP drawing of 5c with the atomic labelling was shown in Figure 1 and selected bond lengths, bond angles and torsion angles were given in Table 1 Table 2 Selected Bond Angles Table 4 Hydrogen-bond geometry (Å, 
